Bodyweight, kidney weight and glomerular filtration rate showed significant differences between strains-70% of the total variance was ascribed to the between-strain variance component-while the renal plasma flow showed only a slight strain difference due to a high within-strain variance component (63%).
Abteilung fiir Versuchstierkunde im Zentralen Tierlaboratorium der Medizinischen Hochschule Hannover, Karl-Wiechert-Allee 9. D-3000 Hannover 61, Federal Republic of Germany Summary Bodyweight, kidney weight and glomerular filtration rate showed significant differences between strains-70% of the total variance was ascribed to the between-strain variance component-while the renal plasma flow showed only a slight strain difference due to a high within-strain variance component (63%).
Heritability in the broad sense was o·78 for bodyweight, 0·85 for kidney weight, 0·66 for glomerular filtration rate and 0·35 for renal plasma flow. There were significant genetic correlations between bodyweight and kidney weight (0·90), bodyweight and glomerular filtration rate (0· 73), and between glomerular filtration rate and renal plasma flow (0· 71), but not between kidney weight and kidney functions. Significant environmental correlations could be calculated only between body weight and all other variables, so that for comparison between strains it seems better to correct renal functions for body weight than for kidney weight, which would increase the variation of glomerular filtration rate.
The introduction of inbred strains into research and toxicity testing (Festing, 1979 a, b) makes the estimation of genetic influences and genetic relationships between characters very important. The standardization of laboratory animal housing reduces environmental influences, so that obvious strain differences are due mainly to genetic reasons. A knowledge of the genetic relations and influences makes it easier to evaluate data obtained from studies on different inbred strains.
Even though some strain differences have been described in renal physiology and pathology (Snell, 1967; Alt, Deerberg, Hackbarth & Stolte, 1980) , a survey of the literature indicates that most investigators in kidney physiology and pathology use only one inbred or outbred strain without apparent regard to strain differences and strain-specific variations. Schlager (1968) established that the relative kidney weight (KW /BW) of mice has a higher heritability than does the bodyweight, and that relative kidney Received 22 October 1979 . Accepted 17 November 1980 weight between strains in this species might differ by a factor of 2. However, it is not known which morphological structures cause these strain differenqes or whether basic kidney functions are also subjects of genetic influence. A genetic analysis of physiological homeostasis (Steward & Mowbray, 1972) failed for technical reasons.
The aim of this study was to elucidate correlations between body weight, kidney weight, glomerular filtration rate and renal plasma flow, to separate genetic and environmental influences, and to estimate the heritability of these variables.
Materials and methods Animals
The investigations were performed on 6 adult female rats, of about 130 days of age, from each of the following inbred and selected strains: AS/Ztm, BH/ Ztm, DA/Ztm, LEW/Ztm (Festing, 1979b) , SC/Ztm (a strain selected from Sprague-Dawley stock SlY 50-S.
Ivanovas, Kissleg-and possessing the cataract gene), WC/Ztm (an inbred Wistar strain with the cryptorchic gene described by Gartner, 1969 ) and a subline of the Munich Wistar (MW) strain selected for surface glomeruli in the kidney. Prior to the examination (at about 90-100 days of age) the rats were kept in groups of 4-5 animals in polycarbonate cages (14 x 26 x 20 em) at a room temperature of 22 ± 2°C, a relative humidity of 55 ± 5% and light from 0700-1900 under controlled microbiological conditions (SPF, barrier-maintained, free from infections listed by the Society of Laboratory Animal Science, 1972). They were fed a standard pelleted diet containing 22· 5% protein,S· 5% fat, 1% calcium, 0·85% phosphorus, and 0·25% sodium (diet 1314; Altromin International, Lage, FRG) and autoclaved tap water ad libitum.
Determination of glomerular filtration rate (GFR)
The GFR was determined in rats anaesthetized with 10 mg ketamine hydrochloride ('Yetalar'; Parke, Davis & Co., Munich, FRG) and 0·5 mg xylazine . hydrochloride ('Rompun'; Bayer AG, Leverkusen-Bayerwerk, FRG) per 100 g bodyweight. This was done from the total plasma slope clearance of sICr-EDT A following a single injection (Hackbarth & Liinebrink, 1979) between 0800 and 1200. The injection of 6 .uCi 'ICr-EDT A per 100 g bodyweight was given intravenously in the tail vein. Blood sampling was by puncture of the retrobulbar venous plexus with heparinized pasteur pipettes 20, 30, 40 and 50 min following the injection. Radioactivity of loo.ul plasma samples was measured over a period of 5 min per sample in a gamma-scintillation counter. The measured counts per min were plotted on semilogarithmic coordinates against the blood sample collection time, and the glomerular filtration rate was calculated from a linear regression fit according to Dost (1968) .
Determination of renal plasma flow (RPF)
The RPF was measured by the renal clearance of endogenous hippuric acid in conscious rats during urine~ollection periods of 4 h between 0800 and 1200. During this time urine was collected quantitatively under paraffin oil. Before and at the end of the collection period the bladder was emptied by gentle massage. Blood samples were taken at the end of these periods, with the rats in a light ether narcosis, by puncture of the retrobulbar venous plexus with a pasteur pipette. Determination of endogenous hippuric acid was made on a 5 pI sample of urine (centrifuged for 10 min at 2000 g) and a 10 .ul sample of deproteinized serum (serum diluted 2:1 with 0·33-N hydrochloric acid and centrifuged for 5 min at 2000 g).
The fluids were then each pipetted into 5 ml 70% sulphuric acid. The fluorescence was measured in a spectrofluorometer with exciting frequencies of 260 nm (urine) and 280 nm (serum) and a measuring frequency of 360 nm for both fluids during the first 2 h after mixing the fluids with sulphuric acid .
Statistics
Results are expressed as group means and pooled standard deviations after having shown that the distribution was homogenous. Significance of strain Hackbarth, Baunack & Winn differences of bodyweight, kidney weight, GFR and RPF were tested by a variance analysis model I (Weber, 1972) followed by a Student-Neuman-Keuls multiple range test. Heritability of each parameter was calculated by a simple intraclass correlation (Festing, 1979b) . Genetic and environmental correlations between the different variables were calculated using genetic covariance analysis (Snedecor & Cochran, 1969) .
Results
The results of all measurements are ranked from high to low and summarized in Table 1 .
Body and kidney weight
The animals were of the same age (128·7 ± 7·2 days), chosen because the growth curves of all strains reach a plateau then. Body and kidney weight showed significant strain differences (Table I ). The SC/Ztm strain changed its position within the ranking order for body and kidney weight. The between-strain variance component was 78% for body and 85% for kidney weight.
Glomerular filtration rate GFR showed significant strain differences with a between-strain variance component of 70% of the total variance. Compared with the rank order for bodyweight only strains DA/Ztm and MW /Ztm changed their positions (Table 1) .
Renal plasma flow 6 of 7 inbred strains did not differ significantly in RPF (Table 1) . This is due to a high within-strain variance component which represented 63% of the total variance.
Heritability
Heritability in the broad sense was estimated for each variable by calculating the simple intraclass correlation r, between members of the same inbred strain by using the formula (Festing, 1979b) : where MS B and MS w are the between-and withinstrain mean square. It was O· 78 for bodyweight, O·85 for kidney weight, 0·66 for GFR and 0·35 for RPF.
Genetic and environmental correlations
There were significant genetic correlations between body and kidney weight, bodyweight and GFR, and between GFR and RPF (Table 2 ). Significant environmental correlations were seen between bodyweight and. all other variables. No significant correlation was found between kidney weight, GFR and RPF Festing (1979a) has recommended substituting a factorial experimental design with several different isogenic stocks (inbred strains or F 1 hybrids) for investigations in place of a single nonisogenic stock for toxicity testing. The main reasons for this proposal are the great differences between strains, the availability of background data, the great phenotypic uniformity, the high long-term genetic stability, and the ease of identification of each strain.
Discussion
For physiologists a problem still exists in comparing data obtained from studies on different strains. Even though species differences in kidney function have been extensively described (Renkin & Gilmore, 1973) , it has not been demonstrated that genetic variations of kidney function within one species, such as consistent differences between different inbred strains, can be compared by correcting renal functions for bodyweight, body surface area or kidney weight.
In the present study of strain differences the same clearance methods were used for the determination of GFR and RPF, all strains were kept under identical environmental conditions, and all animals were approximately the same age. The measured renal functions (ml/min/animal) were not corrected for body or kidney weight, and are therefore suitable for the calculation of genetic and environmental correlations. Moreover, they suggest methods for better comparison of renal functions between different strains.
Bodyweight differed significantly among the different rat inbred strains. Kidney weight also showed significant strain differences and, as already described in mice (Schlager, 1968 ), a higher heritability (r, = 0·85) than the bodyweight (r, = O· 79). There is a highly positive correlation between kidney weights and bodyweight, which is in this study predominantly due to genetic factors, although a slight but still significant environmental correlation also exists. This latter may be due to the high standardization and reduction of environmental variation.
There exists a significant genetic (r = O· 73) and environmental (r = 0·46) correlation between bodyweight and GFR, but no correlation could be calculated between kidney weight and GFR. It is noted, however, that whereas there is a significant correlation between body and kidney weight, kidney size and function are not significantly correlated. This lack of correlation between kidney weight and GFR as well as RPF may be due to individual differences in the ratio of tubular to glomerular mass. The same morphological difference was shown to be responsible for a sex difference of kidney weight in mice (Messow, Gartner, Hackbarth, Kangaloo & Liinebrink, 1980) . A significant genetic correlation was found between GFR and RPF, as described by Haberle, Ruhland, Lausser, Moore & Neiss (1978) . The present study shows that this correlation is especially due to genetic factors.
Our investigation
shows that because of genetic factors there are correlations between body and kidney weight, between bodyweight and GFR, and between GFR and RPF. Genetic relationships and the obvious strain differences can be used for a more detailed genetic analysis, which will result in an equation for correcting renal functional data for better within-strain comparison, by excluding genetic and environmental influences. Such an analysis, with data obtained from studies on different mouse inbred strains, is in preparation. The results of the present study show that when comparing GFR or RPF between rats of different strains, it is appropriate to correct renal functions for bodyweight because these variables are genetically correlated, while the kidney weight in rats shows a high within-strain variation without correlation with kidney function; thus correcting GFR for kidney ,\ight increases its within-strain variation.
